Art market has been developing in Poland and the first Art Fund was established in 2011. Therefore it seems that investment in art can be considered as alternative form by Polish investors. In order to decide whether art is a good investment, it is necessary to evaluate expected returns which might be obtained from such investment thus an art price index should be developed. The aim of the paper is to discuss artworks as investment assets and evaluate price index of paintings produced by 11 Polish artists whose artworks were traded the most often on auctions that were held in Poland in the years 2007-2010. In our research, employing data concerning 750 objects, we apply the hedonic index methodology to estimate returns from the paintings market. The results of our investigation show that hedonic quality adjustment essentially influences evaluation of artwork prices therefore we propose the aggregated hedonic index which might better describe situation at the art market than the hedonic index biased by the specification of a single model.
Introduction
Investments in art, recognized by critics, has been nothing new. However in the past artbuyers were connoisseurs thus they were well prepared to make such investments, and number of investors was quite limited. At present the share of investors in the society has been increasing regardless their knowledge regarding financial or other type of the investment instruments since in well-developed economies everybody participating at least in pension funds seems to be an investor.
The art market in Poland started to develop at the end of the 19th century until World War II.
Under the communist system the art market in Poland practically did not exist. Although in that time several art galleries and artist associations were operating buying and selling art pieces, mostly currently produced by domestic artists or the ones from other soviet bloc countries.
Transformation of the economic system also affected the art market since last two decades were characterized by changes in the income distribution and the structure of consumption that caused the increasing interest in art market in the Polish society.
Therefore, in the paper, the attempt to evaluate returns from investment in Polish paintings market is made. In the research we consider transactions that took place during auctions, which held in Poland only. Commonly used methods to construct art price indexes are repeat-sales regression and hedonic regression 1 . Limited scale of the art market in Poland does not allow to apply the repeated sale approach for the price index construction, therefore the hedonic approach is employed. The aim of research is evaluation of the art price index on the basis of data concerning the selected sample of paintings sold at auctions held by auction houses and foundations in the years [2007] [2008] [2009] [2010] . We construct several hedonic regression models for different samples of paintings and hedonic variables sets that are selected according to different criteria.
Art as investment asset
Situation at financial markets encourages investors to look for alternative investments to diversify their portfolio. The relatively new approach toward investing is to concern pieces of art as an investment instrument or a collateral. There is more and more literature concerning artworks as investment opportunity for investors 2 .
Artworks as investment assets are characterized by some features. (1) The current market value is difficult to evaluate since there is no "natural value", which could be used as reference or fair value. The price of artwork is limited only by the amount of money that collectors are willing and able to pay for it 3 . (2) Art investments are undivided and illiquid in comparison to "classical" financial assets. (3) Artworks are often expensive, also cost of purchase and sale may be high (from 10 to 25 percent of hammer price while transaction costs on financial markets are about 1% of the price) and they seem to be long-lasting investments.
There are also several risks (regardless the risk of price variability of investment instruments) specific for the art market 4 . (1) Buyer can never be certain whether the purchased object is original (i.e. not a copy or forgery). And even if the artwork is an original piece one never knows who a painter was: the master himself, the circle, the school or the painting could have been made only in the style of a grand master
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. (2) The quality of paintings, which have been repainted, damaged, not properly renovated or stored, may cause the decline of their value.
(3) Owners of art pieces can be afraid that the masterpieces (that they possess) might be stolen, destroyed (by fire, revolution, etc.) or seized by government as a part of "national heritage".
(4) Possession of valuable art can cause the necessity to pay additional taxes (sale or property taxes) and governments may impose new export restrictions. (5) Tastes and fashions change over time and art market is characterized by extreme heterogeneity thus one never knows if a certain artist will not be "fallen from fashions" in the future 6 . (6) Art belongs to the group of luxury goods and it's price is very sensitive on general economic situation and income changes 7 .
(7) Behavioral anomalies seem to play an important role in the art market since collectors are usually not willing to sell pieces of art from their collections and they tend to buy art produced by domestic artists.
In order to decide whether art is a good investment, it is necessary to evaluate the expected returns which might be obtained from such investment, thus an art price index should be developed. The major motivation behind the construction of art price indexes is 8 : (1) to measure financial performance of art, relative to other alternative forms of investment, (2) to check whether adding art to a diversified market portfolio can lower the overall risk and/or increase the rate of return, and (3) to outline general trends on the art market. The construction of the art price index dedicated to the certain market requires several decisions concerning:
selection of the index methodology and selection of the sample i.e. its size and the way of the object selection. There are several methods and indexes which can be used to analyze changes of prices or returns from the art market, such as naive price index, repeat-sales, average price (geometric mean), composite price (basket) index, and hedonic index 9 .
The repeat sales methodology considers only those artworks that were sold at least twice in the investigated period, and their prices were registered. Thus it requires a transparent and liquid market. Ginsburgh et al. 10 argue that repeat-sales regression should not be applied to periods shorter than 20 years, since the number of observations may be too small to obtain reliable results. The main advantage of hedonic index approach is that it may consider all traded objects.
The naïve art price index is constructed using average and median auction prices. In this method, a basket of representative paintings is created and tracked over time. This approach avoids the repeated sales restrictions but requires instead aggregation on some a priori criteria in order to construct so-called "average painting"
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The problem of the sample selection is crucial in construction the fixed basket of representative artworks that must be made by experts. However, it appears also in the application of other methods and it has been known from literature since many different criteria of the artwork selection are employed, beginning from selection of the mediums
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, to taking objects that belong to the certain collection 13 , or creating the sample from artworks produced in the certain style or period 14 to works produced by selected authors 15 or to taking into account "spatial" classification 16 . Such arbitrary choice may be criticized because selected artworks may not be representative for the whole market. The size of the sample depends on the investigated period i.e. time spam when artworks are sold.
Hedonic art price index
Art price index can be evaluated employing hedonic regression, which is a method for estimating an approximate value of a piece of art adjusting the average price of the artist's works for the qualitative characteristics which are incorporated into the hedonic model. Artworks are heterogeneous assets, with a variety of physical and non-physical characteristics that make them unique, including an artist's reputation, materials used, the period of production and subjective traits like quality. Therefore the price of an artwork depends on these characteristics. In hedonic approach
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, the value attached to each one of the attributes, that are deemed to be significant in the determination of the price, is estimated and the price index is evaluated employing so called hedonic quality adjustment (HQA). The basic formula for hedonic index (HI) is as following: 
where: NI t -naive price index at time t, P it -the price of the i-th artwork at time t, HQA thedonic quality adjustment at time t.
The naive price index (NI) describes "average painting" from the aggregation of all artworks that create the sample representing the art market or its segment. The hedonic index allows the tracking of short-term price movements and returns in this market. It gives us a better understanding of how this market performed over the investigated period. The performance of this market can then be compared to investments in traditional financial assets.
Changes in quality, style, mode and type of the artworks are described by the hedonic quality adjustment which is defined as follows:
where: X ij,t -an observation of the j-the feature characterizing the i-th artwork at time t, m and n are numbers of lots sold in the period t and t + 1, respectively, j αˆ -the parameter estimate of hedonic regression (pooled regression) that usually takes the following form:
where α j , β t -the coefficient values of the characteristics X j and Z t , Z t -the time dummy variable, which takes the value 1 if the i-th painting is sold in the period t and takes the value 0 otherwise, and ε it -the disturbance term.
One of the underlying assumptions is that the price of an artwork depends essentially on its quality, which is to a great extent quantifiable. The explanatory variables represent characteristics of the objects, such as the artist, size, format, technique, materials, period, subject of the artwork, signature and the artist's living status or the characteristics related to the sale, including the auctioneer, location and date of sale. These attributes are usually qualitative so they are represented by binary variables in (3) . The dependent variable in hedonic models is usually the natural logarithm of the sales price. All auctions relating to an artist are included in the calculation in order to avoid selection bias. The time dummy variables can be annual, semi-annual, quarterly or even monthly depending on the frequency of trading. The hedonic approach essentially entails running an Ordinary Least Squares (OLS) regression.
The hedonic regression method therefore controls for quality changes by attributing implicit prices to a set of value-adding characteristics. In other words, hedonic regressions strip the observable characteristics from the artworks to obtain an index reflecting the price of a "standard artwork"
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Hedonic models require knowledge of the artworks' characteristics and mechanisms (1)- (2).
Variable selection is concerned with a great variety of attributes, and its variants which . Therefore we propose to construct the aggregated hedonic index which summarizes different hedonic models specification:
where k (k = 1, 2, ..., K) denotes the certain hedonic model, therefore HQA t,k and HI t,k -the hedonic quality adjustment and index (respectively) evaluated applying parameter estimates of the k-th hedonic regression model.
Having price indexes describing price relation in two neighboring periods t (t = 1, 2, …, T), i.e.
I 1 , I 2 , ..., I t , we may calculate the price index TI t concerning price changes in comparison to the first (t = 0) period of analysis, i.e.: TI t = I 1 × I 2 × ... × I t . Therefore the total index TI T informs about price movements during the whole period of investigation since it is the relation of prices in the last period t = T in comparison to the first period t = 0. Then returns from investment in art obtained period by period equal C T = (I t -1) × 100%, while total return in the whole analyzed period is TC T = (TI T -1) × 100%. It is also possible to evaluate the average return for the single period taking into account the total returns from the whole period of investigation, employing geometric mean:
In such a case average return in the single period equals: G = (GM -1) × 100%.
Some facts about art market in Poland
In 2012 , and we assume that minimal average price for an artist should be 2,000
PLN. Employing these criteria the sample of paintings is constructed.
Description of data and variables
The biggest number of lots sold in the analyzed period were produced by Jerzy Kossak (91) while the highest value of transactions concerns artworks by Malczewski (more than 1 million PLN). In our sample, the lowest average value for the single artwork were reached by paintings by Nikifor (2,486 PLN). The selected sample covers 7.2% of all the lots and 16.2%
of the turnover registered in the database. Table 2 contains basic information about "the most liquid" painters whose artworks are used in our research.
In our investigation we select several explanatory variables which are usually applied in hedonic models constructed for the art price. They describe an artist's and an exhibitor's reputation, the type and quality of the artwork as well as the conditions of a transaction. Auction house describes the reputation of an auctioneer and this variable is specified as a number of dummies defined name of auctioneer. Reference variant of this variable is other auctioneers.
An artist reputation is defined by the name of a painter that is represented by the artist variable, and Wyczółkowski is the reference painter. An a rtist's living status is also often incorporated to hedonic models since when an artist dies the production stops and prices may rise. Source: own elaboration.
The type and quality of the art piece is described by several variables such as: signature, technique and surface of the painting. A technique and materials characterize the type of work and this variable is specified as a number of dummies that indicate whether the art piece represents a certain type of work. The reference variant of the variable is: other techniques.
Signature is one of the artworks attributes, it equals 1 if signature is visible. Surface (cm 2 ) of the artwork is the most commonly used variable that describes the physical characteristics of a painting. In general the parameters estimates for this variable should be positive however larger works may be difficult to display, thus in some models the squared surface is applied.
In the model we use natural logarithms of the surface area.
The conditions of a transaction are represented by two variables: year and price relation.
The year of sale is a set of binary variables definingthe year of transaction. The reference variant of this variable is Year_2010. Price relation between the reserve and the hammer price variable equals 1 if the former is bigger than the latter since in such a case the sale might not have taken place (so-called conditional sale).
Hedonic regression
In this paper we present ten models estimated OLS on the basis of the described above sample (N = 750) regarding all selected artists, and -for comparison -two models of estimated employing subsamples of paintings produced by groups of 6 selected painters. The first subsample contains artworks whose authors keep positions from 1 to 6 (N = 363) in Table 2 , and from 6 to 11 (N = 468). In both models the reference variant of the artists variable remains
Wyczółkowski.
The models' specification is presented in Table 3 , where symbol "•" denotes variables present in the certain model. Models M10-M12 differ by the variants of the artist variable since they are estimated by employing different samples of paintings. The parameter estimates of selected models are presented in the Appendix in Tables A1-A4 , and the basic parameters of the model properties -in Table A5 . 
The model M1 contains the whole set of variables (except epoch) and all variables, except signature, year and price relations, are significant. In comparison to M1, in the model M2
price class and artist's living status variables are missing while in M3 also price relations is omitted. We notice that although the models M2 and M3 have smaller adjusted R 2 , there is no autocorrelation in these models. Constructing the models M4 -M6 we reject the artist variable but we obtain the adjusted R 2 comparable to M1. In the model M5 we additionally omit price relations that is insignificant in the majority of models, while we introduce the epoch variable to the model M6.
The models M7-M9 are characterized by the highest adjusted R 2 although their specification is similar: M7 to M2, and M8 to M3, but the logarithm of surface area is replaced by its square.
These two models also have the best properties from the point of view of the Akaike information criterion. The models M7 and M9 differ one from another by only by one variable (constant or living standard) while they have exactly the same parameter estimates.
An artist's living status is a significant variable with a positive sign. In all models containing the artists variable, signature is not significant, however in the models M4-M6 where the former variable is omitted, signature is significant with positive value of the parameter estimates, i.e.
signed paintings obtain higher value. The name of a painter affects significantly and negatively the price of artwork in the case of all authors except Malczewski in the models M1-M3, and M10-M11 because Wyczółkowski's paintings take the second place (after Malczewski)
among the most expensive ones on average. Surface of the paintings influences positively and significantly the artwork's price while price relation is insignificant nearly in all models. All variants of the technique and materials used for the art piece production are significant in the presented models although not all of them in each model. While auction houses are significant in the majority of models, price class is always significant when it appears in the model while the year variable is usually insignificant.
Hedonic art price indexes
In our research we evaluate naive and hedonic price indexes. Parameter estimates of the models (3), presented in Tables A1-A4 , are used to evaluate the hedonic quality adjustment (2), and, finally, the price index (1) . At this stage of our research we must decide if we take in consideration all traded objects or if we remove artworks for which the hammer price was smaller than the reserve price, i.e. being the subject of conditional sale. In general, we assume that all artworks were sold regardless their price relation because of small number of objects in the sample and there are 162 cases of conditional sales. However we also calculate the naive and hedonic (for the model M7) indexes for the reduced samples of paintings, i.e. containing artworks which are undoubtedly sold i.e. for which price relation equals 1.
It is also necessary to select the model which can be used for the hedonic quality adjustment calculation. In the paper we present indexes evaluated using parameter estimates of ten different models. In Table 4 art price indexes are presented, while Figures 1-4 illustrate differences of returns evaluated for the naive (NI750, NI468 and NI343) and hedonic indexes (HIM10, HIM11 and HIM12), generated from the models M10-M12, which have the same set of variables (but different variants of the artist variable) and were estimated for the samples containing 750, 468 and 343 elements, respectively. We also compare returns from the indexes evaluated for the sample containing all variables (i.e. indexes NI750 and HIM7) and the sample without the conditional sale objects (-NI588 and HIM7_588). Source: own elaboration. Therefore the aggregated indexes (4) are evaluated from all indexes calculated for: (a) the whole sample -it is denoted as AHI750, (b) for the model M7 estimated for the samples N = 750 and N = 588 that we denote by AHM7, (c) for the models M10-M12, and the index is denoted as AHIM10_12, and (d) the models M11-M12 i.e. AHIM11_12. In Table 5 we compare the aggregated to the naive indexes and Figure 4 contains returns from the aggregated indexes. As one can notice the aggregated indexes are not influenced by the specification of the single model specification, so the returns keep the same tendency as the naive indexes with the exception of AHIM7.
Conclusions
The major problem to consider art as investment instrument is the lack of a systematic measure of its financial performance. Due to its heterogeneity (each piece is different) and its infrequency of trading (the exact same piece does not come to the market very often), the determination of changes in market value is difficult to ascertain. To construct an art price index we apply the hedonic regression method, employing data from auctions that were held in Poland In that period the decrease of art prices was 12.8% for the naive index NI750, and 5.7% according to the aggregated hedonic index AHI750. Therefore, also in Poland investment in art seems to be a comparatively safe 33 asset class that can serve as a hedging instrument against inflation and create the possibility to diverse the investment portfolio since art is not correlated with equities or bonds but associated with tangible assets such as gold or commodities. Source: own elaboration.
